Computer simulations were used to investigate the efficiency of management methods for the conservation of a structured population when local adaptation exists. A subdivided population, with subpopulations adapted to different optima for a quantitative trait under stabilizing selection, was managed in order to maintain the highest genetic diversity in a 10-generation period. Two procedures were compared. For the first, minimum coancestry contributions were carried out independently for each subpopulation, and random migration of individuals was accomplished thereafter. For the second, minimum coancestry contributions from individuals were globally implemented, including an optimal migration design. This optimal method can be adjusted to control local inbreeding to different extents. Adaptation to local optima implies a reduction in the efficiency of the management methods because of the effective failure in the established migrations. For strong selection, the optimal design can be very inefficient, even more than the random migration scheme because the intended migrants have usually low fitness in the recipient subpopulations. However, for more realistic moderate or weak selection, the optimal method is more efficient than random migration, especially if inbreeding depression on fitness is also taken into account. It is concluded that the optimal management method can be recommended in conservation programs with local adaptation of subpopulations, but this issue should be accounted for when designing the management strategies.
Introduction
One of the main objectives of conservation programs is the maintenance of genetic diversity to guarantee the survival of endangered species and their evolutionary potential for adaptation to different environments (Ballou and Lacy 1995; DeRose and Roff 1999; Woodworth et al. 2002; Allendorf and Luikart 2007) . Optimal management of genetic diversity in ex situ conservation programs is based on the control of matings and contributions from individuals to the progeny. The consensus method is the minimum coancestry optimization (Toro and Pérez-Enciso 1990; Ballou and Lacy 1995; Lindgren et al. 1996; Caballero and Toro 2000, 2002; Fernández et al. 2003 Fernández et al. , 2004 Meuwissen 2007; Saura et al. 2008 ). The idea is to design breeding schemes so as to produce the progeny with the minimum possible average coancestry. In single populations, contributions of minimum coancestry maximize gene diversity (expected heterozygosity) and effective population size, and minimize the rate of inbreeding (Caballero and Toro 2000; Toro et al. 2009 ). However, in most endangered species, both in natural and in captive conditions, populations are structured in different breeding groups with some degree of isolation, adding a new level of complexity for the management of diversity (Caballero et al. 2010) . A subdivided population structure implies a minimization of the risk of extinction because of accidental or sanitary issues (fires, infectious diseases, etc.). In addition, it is well known that, under the assumption of fixed size of subpopulations and no local extinctions, the maximum global genetic diversity of a population is reached by its subdivision in independent breeding groups, thus leading to the fixation of different allelic variants in each one (Kimura In order to cope with the excessive increase in inbreeding attached to subdivided populations, some degree of migration among subpopulations is advised in conservation programs. A classical rule, based on the island model derived by Wright (1951) , is to allow for one migrant per generation and subpopulation (OMPG) (Mills and Allendorf 1996) . This strategy implies, however, a random migration scheme independent of the genetic structure of the population and the relationships between subpopulations. Thus, more sophisticated methods for the establishment of migrations in subdivided populations have been developed, accounting for the genetic structure of the population using both demographic (Wang 2004 ) and genealogical data. The dynamic method (DM) proposed by Fernández et al. (2008) and implemented by the software METAPOP (Pérez-Figueroa et al. 2009 ) determines, each generation, the optimal contributions, that is, the number of offspring from each individual and the number of migrants and subpopulations involved in the exchanges. The method also allows for a specific control of the relative levels of diversity between and within subpopulations by the use of a weighting factor that can be modified depending on conservation objectives. The higher efficiency of the optimal migration implied by the DM, relative to the random migration implied by the OMPG rule, has been shown by both simulations ) and experiments with Drosophila melanogaster (Ávila et al. 2011) .
However, the performance of the management methods in conservation programs has only been evaluated under the assumption of absence of natural selection. Although, in principle, selection can be expected to be a less important factor than genetic drift in the determination of the genetic dynamics of populations of endangered species (given their usual low effective population sizes), different subpopulations may be adapted to different local optima for one or more quantitative traits subject to selection (Walther et al. 2002; Hereford 2009 ). Moreover, the effects of inbreeding on the fitness of the individuals should also be taken into account comparing the performance of different management strategies.
In a scenario of adaptation to different local optima, hybridization of different populations may cause outbreeding depression (Edmands 2007) , leading to harmful effects that have been described for several threatened and unthreatened species like the ornate dragon lizard Ctenophorus ornatus (LeBas 2002), the Goeldi's monkey Callimico goeldii (Lacy et al. 1993) , the butterfly Boloria toddi (Oliver 1972) , or the plants Gentianella germanica (Fischer and Matthies 1997) and Anchusa crispa (Quilichini et al. 2001 ). Thus, determining 1) whether local adaptations exist and 2) the convenience of mixing individuals coming from different locations is crucial for the definition of conservation units, especially in in situ conservation programs where the standardization of the environment is not easily feasible. But even in ex situ conservation programs of some species (e.g., large trees), different plots are subject to different environmental conditions and correspond to different lineages or variants. Consequently, when dealing with conservation, it is important to decide if migrations should be promoted and to maintain a balance between preserving the genetic variability through migration (avoiding inbreeding depression) and the maintenance of local variation (avoiding outbreeding depression).
Under the existence of local adaptation, the efficiency of the optimal method of migration to manage genetic diversity is under question because migration from one subpopulation to another may be compromised through maladaptation of migrants to their new environment (Marshall and Spalton 2000; Goldberg et al. 2005; Dolgin et al. 2007; Greeff et al. 2009 ). Consequently, the effective genetic flow among subpopulations can be reduced or even interrupted due to the death of migrants, leading to an increase in local inbreeding. Therefore, the objective of this study was to evaluate, through computer simulations, the performance of the methods proposed for the management of structured populations in conservation programs when there is local adaptation of the subpopulations. We particularly evaluated the performance of the optimal migration design implemented by the DM proposed by Fernández et al. (2008) in comparison with a random migration design.
Materials and Methods
We followed a simulation design similar to that carried out by Fernández et al. (2008) . First, a structured base population was built consisting of 5 subpopulations where one of them was highly inbred and rather isolated from the others. Then, different management methods for conservation were applied on this initial population.
Base Population
A population of 100 noninbred/non-related diploid individuals was established and divided into 2 groups: 1 small group constituted by 20 individuals (10 males and 10 females) and 1 large group constituted by 80 individuals (40 males and 40 females). These 2 groups were maintained isolated and with random contributions and random mating for 5 generations in order to develop a genetic structure and differential coancestries within and between groups. The large group was later further subdivided into 4 subpopulations of 20 individuals (see below).
Quantitative Trait and Neutral Markers
A quantitative trait was simulated assuming an infinitesimal model of variation with a fixed phenotypic variance (V P = 6) at the initial generation. A set of different initial heritabilities (h 2 = 0.1, 0.35, and 0.6) was considered with the corresponding genetic (V G = 0.6, 2.1, and 3.6, respectively) and environmental (V E = 5.4, 3.9, and 2.4, respectively) variances. The genotypic value for each individual was obtained from a normal distribution with mean μ and variance V G . The mean of the trait (μ) was assumed to be 20 in the small group and 35 in the large group, thus simulating already adapted subpopulations with a substantial difference in local adaptation for the 2 groups. An alternative scenario was run with a smaller difference between local optima and initial mean population value for the trait (μ small = 30 and μ large = 35) to test the management methods in less extreme conditions. The phenotypic value for each individual was obtained, adding to the genotypic value a random environmental deviation sampled from a normal distribution with mean zero and variance V E . A set of 2000 neutral unlinked loci was established for monitoring the evolution of genetic diversity, starting with different alleles for all of them at the initial generation (i.e., there were a total of 2N alleles at each locus, N being the number of individuals), thus representing the highest possible level of genetic diversity.
In subsequent generations, the phenotypic value of each individual was obtained as the mean of the genotypic values of its parents, plus a random Mendelian deviation sampled from a N(0, (0.5(1 − F)V G )) plus an environmental deviation, N(0, V E ), as above. The term 0.5(1 -F) denotes the genetic variance reduction due to inbreeding, where F is the mean inbreeding coefficient of the parents calculated from the pedigree. Neutral markers were handled assuming the usual Mendelian inheritance.
Fitness of Individuals
Survival of individuals was computed for each generation depending on their fitness value prior to the reproduction process (i.e., only surviving individuals were available to be parents for the next generation). A uniform random number between 0 and 1 was drawn, and the individual survived if its fitness was above that number. The fitness value (W) of an individual depended on 2 factors: 1) the phenotype (P) for the trait under stabilizing selection and 2) its inbreeding coefficient.
Regarding the phenotype, fitness of an individual was modelled using a Gaussian distribution (Bürger et al. 1989; Turelli 1984) :
where P opt is the optimum phenotype and ω 2 is an inverse measure of the strength of stabilizing selection. The strength of stabilizing selection is usually expressed adding the environmental variance σ E 2 (Kondrashov and Turelli 1992) as
2 . The population fitness optimum (P opt ) was equal to 20 (or 30) in the small group and 35 in the large group, and these values were kept constant throughout the whole simulation. Different measures of the strength of selection (ω 2 ) were used in order to cover a wide range of selection intensities that are described in the literature (García-Dorado and González 1996; Wayne and Mackay 1998; Johnson and Barton 2005; Mackay 2009 ): strong selection (ω 2 = 10), moderate selection (ω 2 = 50), weak selection (ω 2 = 100), and no selection (ω 2 = ∞).
Inbreeding depression for fitness was modelled by calculating the global fitness of an individual (W′) as follows:
where W(P) is the fitness due to the deviation of the phenotype from the optima, and F is the inbreeding coefficient of the individual (Keller and Waller 2002; Carvajal-Rodríguez et al. 2005) . The model implies that for small values of F, the rate of inbreeding depression is of 1% per 1% increase in inbreeding coefficient, a realistic value considering global fitness (Lynch and Walsh 1998, p. 271) . Therefore, individuals with the same value for the selected trait would have lower survival probabilities if they are more inbred. Simulations were carried out considering or not considering inbreeding depression for fitness.
Management Period
After the 5 generations of the initial period, the large group was divided into 4 equal subpopulations of 10 males and 10 females (S2-S5), each one with the same fitness optimum as the large group, whereas the small group continued separated (subpopulation S1) and with its own optimum. Thus, because of its lower population size and isolation, subpopulation S1 was expected to be more differentiated and inbred than the 4 subpopulations (S2-S5) arising from the large group. This generation 0 was the start of the management period (10 generations) with the 2 following strategies. , where N S is the number of individuals within subpopulations, f ij is the mean coancestry between individuals i and j, and c i is the contribution of individual i to the population in the next generation (Ballou and Lacy 1995; Caballero and Toro 2000) . Coancestries were calculated from the pedigree records since the beginning of the simulation (including the unmanaged period previous to management). Gene diversity (expected heterozygosity, H) was thus maximized independently in each subpopulation. After the contributions were determined, each subpopulation sent 1 individual to other subpopulation (chosen at random) and received 1 individual from another subpopulation (also chosen at random).
Optimal Contributions and One Random Migrant Per Generation and Subpopulation

Dynamic Method
Contributions were optimized following the methodology from Fernández et al. (2008) to balance priorities for between-population (B) variation and withinpopulation , where n is the number of subpopulations, N is the total population size, c ik is the contribution of individual i to subpopulation k, and λ is the factor balancing the relative importance of within-subpopulation coancestry (inbreeding). This method accounts for the whole-population structure to determine contributions, even when those are set within subpopulations and, thus, optimize the global genetic diversity. It also implicitly determines the movement of individuals with a restriction if necessary, on the total number of migrants. Two different values for the balancing factor λ were tested in order to set different priorities: to preserve global gene diversity (λ = 1) or to avoid inbreeding (λ = 10). In order to make a strict comparison with the OMPG scheme, the number of migrants per generation was set also to be equal to 1 migrant on average per subpopulation and generation. Consequently, the total number of allowed migrants per generation was 5.
Under all management strategies, mating was performed at random within subpopulations. Fitness of individuals was computed after migration took place and, therefore, using the optimum phenotype for the trait of the host subpopulation. Only alive individuals could be chosen as parents for the next generation. All optimizations were performed using simulated annealing algorithms (Kirkpatrick et al. 1983 ).
Estimated Parameters
Trait mean and inbreeding and coancestry coefficients were calculated for each generation from genealogical relationships in both the initial and management periods. Contributions from each subpopulation to its own and to others and survival of individuals were recorded for each generation during the management period. Finally, the global expected heterozygosity (H) and the global average allelic number (A) were computed from the simulated neutral loci in each generation during the management period.
Results are the averages across 10 replicates per scenario. In each replicate, the base population was the same for both management procedures in order to be fully comparable.
Results
The relative performance of the DM management in comparison with the random migration scheme (OMPG) was qualitatively similar for scenarios that included or did not include inbreeding depression on fitness. Therefore, only results when fitness was affected by the 2 factors (i.e., phenotypic adaptation to local optima and inbreeding depression for fitness) will be shown. Results for a model disregarding inbreeding depression are available as Appendix 1 online. In addition, results considering a scenario where the impact of local adaptation is softer (μ S1 = 30 and μ S2-S5 = 35) is given in Appendix 2 online. The genetic diversity levels (H and A) at the end of the 10 generations of management are shown in Table 1 for different intensities of selection and heritabilities of the trait. The last line of the table (ω 2 = ∞) represents the diversity kept in the absence of selection for the trait.
In general, it is observed that the stronger the selection intensity (lower ω 2 ), the lower the genetic variability maintained. The higher efficiency of DM over OMPG in maintaining genetic diversity in the absence of selection (ω 2 = ∞) was reduced with an increase in the strength of selection. This reduction was slight with weak selection (ω 2 = 100), but deeper with moderate-strong selection (ω 2 = 10-50). Even so, for λ = 1, DM always maintained higher levels of diversity than OMPG. However, for λ = 10, OMPG maintained more diversity than DM for some scenarios. Table 2 shows the performances for global inbreeding (F) and for inbreeding in subpopulation S1 (F S1 ). Inbreeding was increased as the selection pressure became stronger and this was particularly so for low heritabilities. In the absence of selection on the trait (ω 2 = ∞), DM resulted in less inbreeding than OMPG not only if an explicit interest is posed to control it (λ = 10), as already shown by Fernández et al. (2008) , but also for scenarios with λ = 1. This discrepancy arises because Fernandez et al. (2008) simulations did not account for inbreeding depression. However, when selection intensities were strong (ω 2 = 10 or 50), OMPG became more effective in reaching lower overall levels of inbreeding. When focusing on the inbreeding of subpopulation S1, DM outperformed OMPG in most scenarios, leading always to lower levels of inbreeding when λ = 10. Table 1 Performance of the DM management for maintaining the highest total gene diversity (λ = 1) or for controlling inbreeding (λ = 10) against a method with random migration (OMPG) The exchange of individuals among demes promoted by OMPG and DM is expected to lead to a partial equalization of the genetic configuration of the subpopulations, especially when λ is high such that the DM scheme is focused on controlling inbreeding. In our study, the most inbred subpopulation was also that with a different selection optimum and, therefore, with a differential mean phenotypic value for the trait. Consequently, the management strategy would produce the mixing of individuals with different trait values. A way to determine to what extent the methods were effective was to monitor the evolution of the trait mean for the different subpopulations. This is shown in Figure 1 , which presents the phenotypic mean of subpopulation S1 and the average for subpopulations S2-S5 under OMPG and DM with λ = 1 and 10 for a heritability of 0.35. Performances were similar for other values of heritability (data not shown). With strong selection intensities (low ω 2 ), and due to the death of migrants, means did not change appreciably, whereas with lower intensities subpopulation means tended to become homogeneous due to the establishment of a certain genetic flow. The parameter λ had also an effect on the evolution of the trait means as, with a high λ, subpopulations tended to a greater homogenization in order to avoid inbreeding in the most inbred one (S1). Even with no selection and large λ convergence of means was not complete after 10 generations because the limiting number of migrants (a total of 5 per generation) precluded a more rapid change in genetic structure.
Particular migration schemes can also illustrate differences among methods, and these can be seen in Figure 2 , which shows the average number of migrants from the small subpopulation (S1) to the others (solid lines) and vice versa (dashed lines). Note that migrants between subpopulations S2-S5 do not appear in the graphs and, thus, the sum of migrants in each generation may not reach the value of 5. With λ = 1, DM was focused on maintaining total genetic diversity and, thus, almost all migrations in the early generations of management were from subpopulation S1 (more genetically differentiated) to the others in order to preserve its diversity in the whole population. For λ = 10, a higher importance to the control of inbreeding led to some migrations also occurring from subpopulations S2-S5 to S1 (as this was more inbred than the others). Under strong selection (ω 2 = 10), few migrants survived and, thus, the genetic structure changed very slowly or even remained invariable in scenarios with no inbreeding depression (Appendix 1 online). With moderateweak or no selection intensity (ω 2 = 50, 100, or ∞), migrations were more effective in the homogenization of subpopulations, leading in a few generations to a situation where S1 sent and received about 1 migrant per generation on average. All the above results were similar for the 3 heritability values.
As can be deduced, all the above results for inbreeding, trait means, and migration patterns were caused by the differential mortality of individuals when they stayed at their own subpopulation or were sent to other subpopulations. As expected, within-subpopulation survival chances increased with the reduction of selection intensity (data not shown). Figure 3 illustrates the evolution over generations of the survival rate of individuals born at subpopulation S1 or subpopulations S2-S5 and staying in its own subpopulation (thin and thick solid lines, respectively), as well as that for individuals translocated from S1 to any of the subpopulations S2-S5 (thin dashed lines) or vice versa (thick dashed line). No clear effect of the heritability of the trait under selection was observed and, therefore, only results for h 2 = 0.35 are shown.
For very high selection intensities (ω 2 = 10), there were little changes in the genetic constitution of subpopulations because most migrants tended to die. In contrast, for low selection intensities (and especially with λ = 10, which promotes migration in both directions), more migrants survived, trait means of subpopulations deviated from their optimum and a decrease in survival rate occurred across generations for individuals remaining in the subpopulation where they were born, particularly for subpopulation S1. However, migrants from subpopulation S1 to the others were initially maladapted and their survival probability increased progressively over generations as the 2 groups of subpopulations became mixed. Although based on a little number of migrants in both cases, this latter effect was more evident when no inbreeding depression was assumed (Appendix Figure A1 .3 online). Ignoring inbreeding depression for fitness in the model (Appendix 1 online) generally implied a lower advantage of the DM optimization method, as the advantages for the control of inbreeding achieved by DM were not fully accounted for. In addition, as expected, results for scenarios with smaller differences in the optimal values for the selected trait between subpopulations (Appendix 2 online) showed less severe consequences of the management of populations aiming exclusively at genetic diversity and inbreeding.
Discussion
This study analyzed the performance of an optimal method of management of genetic diversity in structured populations when selection for local adaptation of the subpopulations exists. The management of subdivided populations has to balance 3 main factors: 1) maximization of the global genetic diversity, 2) control of the level of inbreeding within demes, and 3) preservation of genetic differentiation among them if this is considered relevant to maintain local adaptations . The second of these factors requires the establishment of some genetic flow to avoid the undesirable effects of inbreeding, but if local adaptation exists due to different environmental conditions, the admixture of subpopulations could lead to maladaptation (Lynch 1991; Ellstrand 1992; Fenster and Galloway 2000; Galloway and Fenster 2000; Neff 2004 ). This can be a consequence of several factors such as the disruption of coadapted gene complexes (with the consequent loss of epistatic effects that enhanced fitness in the isolated populations), or the existence of local optima for a trait under stabilizing selection. In this article, we have focused on this latter possibility.
Although the long-term consequences of subpopulation admixture on endangered species are not well known (Whitlock et al. 1995) , it is clear that the optimal degree of inbreeding or outbreeding will depend on population structure, as a long history of inbreeding is expected to reduce inbreeding depression and to increase outbreeding depression (Peer and Taborsky 2005) . For animal endangered species, a rapid decline of their effective size due to risk factors is usually expected, so that inbreeding depression would generally be more important than outbreeding depression (Jamieson et al. 2006) . However, local adaptation might be expected, even if very few fitness trade-offs have been found (Hereford 2009) , and thus it is still recommended to take into account the possibility of maladaptation in animals, as it has been detected in a few studies (Marshall and Spalton 2000; Goldberg et al. 2005; Dolgin et al. 2007; Greeff et al. 2009 ; but see Frankham et al. 2011) .
Management methods for subdivided populations have been developed with the assumption of individuals being equally viable in all subpopulations. Under this scenario, the DM proposed by Fernández et al. (2008) is superior to the simple OMPG strategy because it maintains higher levels of global genetic diversity and controls more precisely inbreeding by accounting for the genetic structure of the population. However, if local adaptations exist, fitness of individuals exchanged among subpopulations may be reduced compromising their survival. Therefore, the intended effect of migration (i.e., reducing inbreeding in the host population) Figure 3 . Evolution of survival across the management period when h 2 = 0.35 for DM with λ = 10 in the upper row and OMPG in the lower one. Results are shown for ω 2 = 10 or 100. Solid thin lines refer to individuals from subpopulation S1 remaining in it, solid thick lines refer to individuals from subpopulations S2-S5 remaining in them, dashed thin lines refer to migrants from subpopulation S1 to the other ones, and thick dashed lines refer to migrants from subpopulations S2-S5 to subpopulation S1.
can be sometimes precluded. We showed this drawback for high selection pressures, where genetic flow can be restricted (almost interrupted) among subpopulations because most of the migrants die before they can reproduce. Very genetically differentiated subpopulations are likely to have evolved with small census sizes and, therefore, the optimal migration scheme would promote migrations from/to them. However, these migrants are likely to be adapted to different environment and, thus, the method will fail to effectively mix the subpopulations. In contrast, a random migration scheme implies some exchanges between not so differentiated subpopulations, therefore suffering less reduced fitness than the DM for some scenarios. Under reduced selection pressures, however, DM is able to keep its superiority over OMPG with respect to the diversity maintained and the levels of inbreeding achieved although the general efficiency decreases relative to the case with no selection. This observation is even clearer when the effect of inbreeding depression for fitness is considered because the tighter control of inbreeding performed by DM can counteract partially the disadvantages of moving individuals to subpopulations with different trait optima.
Consequences of management under DM strategy will greatly depend on the strength of selection and the differences between the local environments expressed as differences in local optima. The strength of stabilizing selection is under debate, with the majority of studies pointing to values of ω 2 /V E between 10 and 20 (García-Dorado and González 1996; Wayne and Mackay 1998; Kingsolver et al. 2001; Johnson and Barton 2005; García-Dorado et al. 2007; Mackay 2009 ). In our study, the ratio ω 2 /V E ranged between 2 and 4, depending on the heritability value, for scenarios with strong selection (ω 2 = 10), between 9 and 20 for moderate selection (ω 2 = 50), and between 19 and 42 for weak selection (ω 2 = 100). Therefore, our simulated scenario with ω 2 = 10 imposed stronger selection than might be expected, in order to cautiously test the efficiency of managed migration under such circumstances, whereas the ω 2 = 50 scenario seems to be the most realistic one. For this scenario the benefits from the DM would still generally overcome its drawbacks. Hence, we can conclude that the DM could be, in principle, advised for the management of diversity in subdivided populations even in the presence of local adaptations.
We have considered a relatively simplistic scenario where a subpopulation is highly inbred and differentiated from other 4 subpopulations. Also, the isolated inbred subpopulation has a given local optimum rather different from that existing in the others. This has the advantage of allowing for investigating the genetic rescue of the isolated inbred subpopulation by the reminder in a tractable way. Notwithstanding, real scenarios can be more complex than that simulated in this study, with the existence of many subpopulations with different local optima. Other factors that may influence the performance of the management methods are the size of the subpopulations, through the occurrence of more or less genetic drift, or the use of a different number of migrants per generation (i.e., a different degree of gene flow). These, however, are not expected to introduce relevant changes in the conclusions of the study.
A tight control on the number of descendants per individual is only possible for ex situ conservation programs. In such populations, it could be argued that the environmental conditions should be buffered and, thus, differences in adaptation between groups should be small. But some species, for example large trees that cannot be kept in greenhouses, are subject to the particular climatic conditions of the site. Consequently, local adaptation is an issue indeed in these cases.
When dealing with natural populations, where the management of contributions is not possible, migrations are still usually promoted to constrain inbreeding. In this case, if migrants are sent at random or based on kinship, maladaptation can be a real problem because migrants among populations with very different optima (usually also the least related) will tend to die due to maladaptation.
The type of trait subject to stabilizing selection and its effect on fitness could be important to determine the consequences for the management. If the expression of the trait occurs at maturity, but the migration is conducted with juveniles, the individuals will have the opportunity to develop in the new conditions showing more adapted phenotypes, especially if the trait has low heritability. The presence of phenotypic plasticity will also facilitate the exchange of individuals between subpopulations. On the other hand, if the reduced fitness of the immigrants appears as a higher mortality of their offspring instead of a lower survival of the individual itself, the deleterious effects could be worse, as they will compete for the mating and will impede the welladapted individuals to yield offspring.
Possible solutions to the problem raised in this study could be to introduce in the optimization criterion some kind of penalization on the phenotype (ideally genetic value) for the trait under selection, that is, migrations to subpopulations with local optima very different from the value of the individual will be banned. But it is almost impossible to identify the really important trait in real circumstances. And even if this is unequivocally defined, it will be necessary to determine the optima for the different subpopulations in order to organize the migration scheme. These values could be estimated by the average phenotypic value for each subpopulation but, with time, the estimates may become biased if there is a partial survival of migrants with different genetic information for the trait. Another solution, already suggested by Fernández et al. (2008) , could be to include in the optimization of DM a restriction limiting the lowest acceptable level of differentiation (e.g., F ST ) between subpopulations. The drawback of this strategy is the need to determine if the differentiation between subpopulations is mainly due to genetic drift or it has an adaptive meaning and, thus, should be preserved. In this context, especially promising is the use of the new genomic tools, such as SNP markers, which will allow detecting regions with differential selection pressures.
In summary, the existence of local adaptations through different local optima for a trait under stabilizing selection could distort significantly the efficiency of management methods only devoted to the avoidance of inbreeding by exchanging individuals. The stronger the selection intensity, the poorer the performance of the methods. Nevertheless, except for very strong selection pressures, the DM is more efficient than a random migration scheme (OMPG), especially if inbreeding depression for fitness is relevant. Any knowledge about the particularities of each subpopulation and the possible adaptations should be taken into account when managing the population to increase the probability of success of the conservation program.
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